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The ability of transcriptional activation domains (TADs) to signal ubiquitinmediated proteolysis suggests an involvement of the ubiquitin-proteasome pathway in transcription. To probe this involvement, we asked how ubiquitylation regulates the activity of a transcription factor containing the VP16 TAD. We show that the VP16 TAD signals ubiquitylation through the Met30 ubiquitin-ligase and that Met30 is also required for the VP16 TAD to activate transcription. The requirement for Met30 in transcription is circumvented by fusion of ubiquitin to the VP16 activator, demonstrating that activator ubiquitylation is essential for transcriptional activation. We propose that ubiquitylation regulates TAD function by serving as a dual signal for activation and activator destruction.
Many transcription factors are unstable proteins that are destroyed by ubiquitin (Ub)-mediated proteolysis (1), a process in which covalent attachment of Ub to proteins signals their destruction by the proteasome (2). In most transcription factors, the domain that signals their ubiquitylation-the "degron"-overlaps closely with a transcriptional activation domain (TAD). Indeed, this overlap is both widespread and intimate: Mutational analysis of TADs (3-5) reveals a close correlation between transcriptional activation and proteolysis. The unexpected convergence of transcription and proteolytic signaling elements raises the possibility that the Ub-proteasome pathway is involved in transcription. We tested this hypothesis by examining the role that the ubiquitylation machinery plays in transcriptional activation by the VP16 activation domain (6) . Substrate targeting by the ubiquitylation machinery is carried out by Ub-ligases (2), which interact with the degron and recruit Ubconjugating enzymes to the substrate protein.
Because of the key role of Ub-ligases in substrate recognition, we sought to identify the Ub-ligase that targets the VP16 TAD in Saccharomyces cerevisiae. We fused the VP16 TAD to the bacterial DNA binding protein LexA (7) and expressed the fusion protein in yeast. For comparison, we also fused LexA to the TAD-degrons from Myc (3) and from the yeast cyclin Cln3 (5) . Pulse-chase analysis (Fig.  1A , lanes 1 through 4) revealed that all three TADs acted as degrons in this setting, destabilizing the LexA protein. To identify the Ubligase for VP16, we next examined the stability of LexA-VP16 in yeast strains defective for various components of the Ub-proteasome pathway, including Ubc2, Cdc4, Met30, and Grr1. This analysis revealed that LexA-VP16 was stabilized by loss of Met30 (Fig. 1A) , a substrate-recognition component of the SCF Ub-ligase family (8) . The dependence on Met30 was specific to LexA-VP16 because deletion of Met30 had little effect on the stabilities of LexA-Myc and LexA-Cln3 (Fig. 1A) . Consistent with a specific role for Met30 in VP16 degron function, Met30 associated with LexA-VP16 -and not other LexA-fusion proteins-in vitro (Fig. 1B , compare lanes 2 and 4 with lane 6), and Met30 was required for LexA-VP16 ubiquitylation in vivo (Fig. 1C , compare lanes 3 and 6) (9). Taken together, these data demonstrate that the Met30 Ub-ligase is specifically required for degron function of the VP16 TAD.
We next examined whether loss of Met30 affected transcriptional activation by VP16 (Fig. 2) . A modified GAL1 promoter carrying two LexA binding sites and driving expression of ␤-galactosidase (10), was integrated into yeast strains that either contained or lacked a functional Met30 locus. We then measured the ability of each LexA fusion protein to activate reporter gene expression in these cells ( Fig. 2A,  transcription) . As expected, the Myc, Cln3, and VP16 TADs potently activated reporter gene expression in the presence of Met30. However, in the absence of Met30, the VP16 TAD failed to activate ␤-galactosidase expression. As observed with proteolysis (Fig. 1A) , the effect of loss of Met30 was specific to VP16 because transcriptional activation by LexA-Myc and LexA-Cln3 remained constant. Thus, although the LexA-VP16 activator is more stable and accumulates to twofold higher levels ( Fig. 2A,  protein) in Met30-null cells, it is unable to activate transcription in the absence of Met30 (11) . The specific loss of VP16 transcriptional activity reveals that Met30 plays an essential role in both the TAD and degron function of the VP16 activation domain.
To determine whether loss of Met30 attenuates VP16 activity through an indirect mechanism, we asked whether LexA-VP16 displays any activity in Met30-null cells. Chromatin immunoprecipitation (ChIP) analysis (Fig. 2B) (Fig. 2C) . Many TADs can stimulate DNA replication (12), perhaps through their ability to direct chromatin remodeling. Using a plasmid stability assay in which the B3 element of the ARS1 replication origin (13) is replaced by a single LexA binding site, we found that LexA-VP16 stimulated DNA replication equally well in the presence or absence of Met30, as did all LexA-TAD fusions. The selective retention of this function demonstrates that VP16 TAD activity is not universally blocked in Met30-null yeast and strongly supports the concept that the role of Met30 in VP16 TAD function is specifically related to transcriptional activation.
We next probed the role of Met30 in transcriptional activation by the VP16 TAD. We speculated that Met30-mediated ubiquitylation of LexA-VP16 may be essential for transcriptional activation. If this was the case, it might be possible to circumvent the requirement for Met30 by directly ubiquitylating the LexA-VP16 protein. To test this hypothesis, we fused a single nonremovable Ub to the amino terminus of LexA-VP16 (Ub-VP16) and again assayed protein stability (Fig. 3A) and transcriptional activation (Fig.  3B) . Although direct fusion to Ub did not (24) . PCR was used to quantitate association of each LexA fusion protein with a fragment corresponding to the integrated LexA reporter ("1"), or the transcriptionally silent GAL1 promoter that lacked LexA binding sites ("2"). Lane 7 shows ChIP analysis from yeast that do not express a LexA-fusion protein. Lane 8 shows the PCR profile of a DNA sample that was not subject to immunoprecipitation. (C) LexA-VP16 stimulates DNA replication in the absence of Met30. A plasmid stability assay (25) was used to measure the ability of the indicated LexA fusion proteins to drive maintenance of a reporter plasmid containing a URA3 selectable marker. Plasmid stability is expressed as a fraction of yeast colonies that retain the URA3 marker after growth under nonselective conditions. (26) . Pulsechase analysis was used to measure the stability of these proteins in Met30-null yeast. The linear fusion to Ub resulted in the formation of an additional protein species (denoted by asterisk) that is probably due to monoubiquitylation of the fusion protein (19) . (B) Linear fusion to Ub restores transcriptional activation by LexA-VP16 in Met30-null yeast. Transcription and protein levels for each LexAfusion protein were measured as described in Fig. 2 .
restore LexA-VP16 destruction in Met30-null cells (Fig. 3A) , the fusion did rescue transcriptional activation, restoring wild-type levels of VP16 TAD activity (Fig. 3B , compare VP16 and Ub-VP16 in the Met30-null cells). Moreover, both Ub and the VP16 TAD are required for transcriptional activation in the Met30-null cells because Ub alone fused to LexA (Ub-⌬) did not activate transcription (14) . The observation that Met30's role in transcription can be complemented by fusion of LexA-VP16 to Ub argues that Met30 coactivates the VP16 TAD by signaling LexA-VP16 ubiquitylation. Moreover, the metabolic stability of the Ub-VP16 protein (Fig. 3A) demonstrates that it is Met30-mediated ubiquitylation, not destruction, that is required for transcriptional activation.
The requirement of ubiquitylation for VP16 activator function reveals that the degron function of the VP16 TAD is intimately tied to its ability to activate transcription. The link between these processes provides a simple explanation for the frequent and intimate overlap of TADs and degrons (3) (4) (5) . This requirement for ubiquitylation, which has not been observed in vitro, reveals a function for Ub distinct from its role in proteolysis (2) . Recent evidence has demonstrated that the 19S subunit of the proteasome plays an essential role in transcriptional elongation (15) . Given the role of the 19S complex as a Ub binding module (16) , it is possible that activator ubiquitylation serves to recruit the 19S complex to promoters, where the chaperone functions of this complex promote transcription elongation.
Although our data demonstrate that proteolysis is not required for transcriptional activation, it is important to note that Met30 does direct LexA-VP16 destruction. This suggests that activator destruction by the proteasome is a natural consequence of ubiquitylation. Because of the dual role of Ub in transcriptional activation and activator destruction, therefore, we propose that Ub "licenses" transcription factors by linking their activity to their destruction. We imagine that non-ubiquitylated activators are stable and inactive. Interactions of an activator with a Ubligase result in activator ubiquitylation, which simultaneously activates the transcription factor and primes it for destruction by the proteasome. Given the large number of transcription factors that are targeted for Ub-mediated proteolysis, it is possible that many transcription factors are regulated through this mechanism.
